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EEG source analysis greatly benefits from using individual, realistically shaped head models for the solution of the forward problem [1,2]. 
Routine application of individual head models is still impeded by the difficulty of correctly segmenting MRI data, especially bone and 
cerebrospinal fluid (CSF). For this reason, we propose a new, automated segmentation procedure on the basis of T1- and T2-weighted MR 
images. The good performance of this approach is demonstrated by exemplary segmentation results and validation against a CT reference 
segmentation.

We propose an automatic segmentation approach, which proves to be accurate especially with regard to the skull segmentation. From visual 
inspection and comparison to CT data we found that its accuracy is adequate for the construction of EEG head models. Our approach was 
implemented into an easy to use software pipeline (BESA MRI) allowing the effortless generation of individual, four-compartment realistic head 
models. Our development, thus, removes a substantial obstacle for the use of realistic head models in EEG source analysis.
To establish the accuracy of our approach we are currently performing another validation study with manual reference segmentations. 
Additionally, we are developing a tissue probability atlas to further increase the accuracy and robustness by incorporating additional a-priori 
knowledge on the anatomy of the human head.

The CT Validation Study

➤ Bayesian segmentation approach incorporating a Markov Random
     Field (MRF) model of the anatomy of the human head.
➤ MRF model represents layered structure of eight different head
     tissues.
➤ Definition of MRF through Gibbs Random Field:

➤ Pseudo transition probabilities are defined according to
     connectivity graphs (Fig. 2).
➤ Relative positions of neighbouring voxels to reference surfaces
     (white matter, scalp) are taken into account.
➤ Optimization procedure based on the Expectation-Maximization
     (E-M) [3] algorithm (Alg. 1).

➤ CT as reference modality - good contrast between skull bone
     and soft tissues.
➤ Compare skull segmentation results from proposed approach, T,
     to CT based reference segmentation, R, using Dice coefficient:

The Segmentation Approach
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Exemplary Results
➤ Scalp, skull, CSF, and brain outlines of exemplary
     segmentations based on a T1- and a T2-MRI (Fig. 3a), resp.,
     based only on a T1-MRI (Fig. 3b).
➤ Accurate skull segmentation. Only minor inaccuracies where
     the inner scalp / muscle layer is misclassified due to low SNR
     or water-fat shift artifact. Suitable for construction of EEG head
     models [4].
➤ Good accuracy also for other tissues. Most notably also good
     CSF segmentation even when only T1-MRI data is available.
➤ Segmentation results can directly be used as a basis for
     constructing geometry-adapted hexahedral FE meshes for the
     solution of the EEG forward problem.
Validation vs. CT Reference Segmentation

➤ Dice coefficients for reference skull mask and ...
     ... segmentation based on T1- and T2-weighted image:
     ... segmentation based on T1-weighted image only:
➤ Our proposed method compares favorably with previously
     published methods for skull segmentation (e.g., [6]). In their
     very similar CT validation study Wang et al. measured a Dice
     coefficient of 0.75 for their proposed approach, and a
     coefficient of 0.70 for the approach from [7].
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Fig. 1
Illustration of
the segmentation
approach's
principal idea.

Fig. 2
Connectivity graph for region B.

Fig. 4
Sagittal slices of 
a) the CT image, and 
b) the segmentation result
overlaid onto T1-MRI. 
In b) false positive skull 
voxels are blue, and
false positive ones are red.

Fig. 3
Tissue outlines of 
segmentation results
based on a) T1- and T2-MRI, 
and b) on T1-MRI only
overlaid onto orthogonal
slices of T1-MRI. Results were
relabeled from eight to four 
tissues (see legend) for a
clearer presentation.

➤ Coregistration of MRIs to CT image using pre-segmented
     scalp masks and ROI.
➤ Construction of CT based reference skull segmentation (Fig. 4)
     by thresholding and additional manual cleaning up. Air cavities
     are labeled as skull.

Alg. 1
The proposed segmentation algorithm.
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